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Colorectal cancer (CRC) is the second most common cause of cancer death in the United Kingdom [1] . The majority of CRCs develop from adenomas [2] . Adenoma detection is therefore a key objective of colonoscopy. Adenoma detection rate (ADR) is widely regarded as one of the key performance indicators of colonoscopy [3] . Increasing ADR has been shown to correlate with decreased interval cancer rate [4] . Multiple factors may affect whether an adenoma is detected during colonoscopy. These may be patient factors such as male sex, increasing age, cigarette smoking, and alcohol use [5 -9] . This study focused on the colonoscopy factors (many of which relate to the completeness of pancolonic mucosal inspection) that determine whether adenomas are detected. Cecal intubation, colonoscopy withdrawal time, and bowel preparation quality have been shown to be associated with increased adenoma detection [10 -16] . Other technical factors, such as intravenous antispasmodic use, rectal retroversion, start time of the procedure, and sedation practice, have been postulated as affecting adenoma detection with conflicting findings in studies to date [17 -26] . These factors are important as they are modifiable by the colonoscopist, offering the opportunity to optimize adenoma detection, and may reduce future cancer risk. Intravenous antispasmodics, such as hyoscine Nbutylbromide, relax smooth muscle in the colon, minimizing haustral definition and theoretically reducing the amount of mucosa not visible to a forward-viewing colonoscope. Recent studies have produced conflicting findings on the effect of hyoscine on adenoma detection [17 -20] . Few previous studies of technical aspects of colonoscopy have included the full range of currently Lee Background and study aims: Adenoma detection is a key objective of colonoscopy, particularly in the context of colorectal cancer screening. The aim of this observational study was to identify the technical colonoscopy factors associated with adenoma detection.
Patients and methods:
The study analyzed data from the English Bowel Cancer Screening Programme. The indication for all colonoscopies was a positive fecal occult blood test. The relationships between the following colonoscopy factors and adenoma detection (one or more adenomas, advanced adenomas, right-sided adenomas, and total number of adenomas) were examined in multivariable analyses: bowel preparation quality, cecal intubation, withdrawal time, rectal retroversion, colonoscopist experience, antispasmodic use, sedation use, and start time of procedure. The following patient factors were controlled for: age, sex, body mass index, smoking, alcohol, deprivation, and geographical location.
Results: A total of 31088 colonoscopies were analyzed. The following technical factors increased the relative risk of adenoma detection (P < 0.001 in multivariable analysis unless otherwise stated): cecal intubation, increased withdrawal time, higher quality bowel preparation, intravenous antispasmodic use, earlier procedure start time within a session (P = 0.018), and greater colonoscopist experience. Detection of advanced and right-sided adenomas also increased with these factors. Adenoma detection did not differ between sedated and unsedated colonoscopy (P = 0.143). Conclusion: This study demonstrated important associations between colonoscopy practice and adenoma detection. Use of intravenous antispasmodic was associated with increased adenoma detection. The effect of the start time of colonoscopy suggests that endoscopist fatigue may have a deleterious impact on adenoma detection. known, measurable technical variables of colonoscopy in addition to patient factors, to examine the likelihood of adenomas being detected. This approach is necessary to allow for confounding between potential risk factors and enables known risk factors for neoplasia to be controlled for while examining the role of potentially modifiable aspects of colonoscopy practice. The English Bowel Cancer Screening Programme (BCSP) was chosen as the setting for this study as it provides a population undergoing colonoscopy for a consistent indication (positive fecal occult blood test) with a prospectively collected comprehensive dataset [27] . In addition, quality assurance processes are built in to the BCSP to ensure that detailed data on patients and procedures are prospectively collected, and colonoscopists practising in the program are required to meet stringent selection criteria and maintain ongoing high standards of performance [28] . The aim of this study was to identify colonoscopy technical factors associated with increased or decreased risk of adenoma detection.
Patients and methods
!
Study population
The English BCSP offers biennial nonrehydrated guaiac-based fecal occult blood test (FOBT) to individuals in England aged 60 -69 years (the upper age limit was extended to 74 in 2010). Individuals with a positive FOBT are offered colonoscopy [29] . Prior to commencing practice in the BCSP, all colonoscopists are required to undergo a comprehensive accreditation process. Accredited colonoscopists are then subject to ongoing audit of colonoscopic performance [28] . All colonoscopies in the BCSP between August 2006 and August 2009 were studied. The indication for all procedures was a positive FOBT. Surveillance colonoscopies were excluded from analysis, and in cases where an individual had more than one procedure in a screening episode, only the first procedure was included in order to avoid double-counting of adenomas. Demographic, colonoscopic, and histological data were prospectively collected and collated centrally in the Bowel Cancer Screening System (BCSS) database. Demographic and lifestyle data (date of birth, sex, smoking status, alcohol consumption, height in metres, weight in kg, postal code) were prospectively collected from individuals prior to colonoscopy during a pre-colonoscopy assessment with a trained screening practitioner.
Study procedures
Data downloaded from the BCSS database were checked for completeness and plausibility. When possible, missing data were retrieved from the screening center. Completeness of data was validated by cross checking with local data sources. Data entries for continuous variables (height, weight, drug doses, and withdrawal time) that were considered implausible by panel decision were excluded from further analysis. These data cleaning processes are described in further detail in a previous publication [28] . Colonoscopy data recorded at the time of the procedure included cecal intubation (as evidenced by anatomical landmarks), withdrawal time (defined as the time taken to withdraw the colonoscope from the cecum to the anus), rectal retroversion, sedative medication or intravenous antispasmodic (hyoscine N-butylbromide) use, and quality of bowel preparation. Bowel preparation quality was recorded on a four-point scale. Descriptors for bowel preparation quality were: incomplete examination due to inadequate preparation; complete examination despite inadequate preparation; adequate or excellent preparation [30] . Mean colonoscopy withdrawal times were calculated for each colonoscopist for negative complete procedures only (nc-CWT). Use of actual withdrawal times for individual procedures is not appropriate as it is influenced by the duration of therapeutic procedures rather than time spent examining the colonic mucosa during withdrawal [13] . Mean nc-CWT per colonoscopist were further dichotomized into two groups (< 10 minutes, ≥ 10 minutes) based on a previous study suggesting that colonoscopists with mean nc-CWT ≥ 10 minutes tended to have higher ADR than those with shorter mean withdrawal times [13] . A cut-off time of 6 minutes was not used in this analysis as only 15 % of colonoscopists had a mean withdrawal time below this threshold and no clinically significant relationship between ADR and mean nc-CWT were observed with this cut-off in univariable analysis. Exploratory analysis with nc-CWT as a continuous variable did not affect the findings. Exploratory analysis of start time of procedure suggested a relationship between how early in the morning or afternoon session the procedure was commenced and adenoma detection. Procedure start time was therefore divided into two groups. In one group, the procedure commenced in the first half of a session (08:00 -11:00 or 14:00 -16:00); the second group consisted of procedures starting in the second half of the session (11:00 -14:00 or 16:00 -18:00). All colonoscopists in the BCSP had completed at least 1000 procedures during their career prior to obtaining accreditation to commence screening colonoscopy. To account for colonoscopist experience of colonoscopy in the screening program, procedures were grouped into those among the first 300 procedures performed by an individual colonoscopist in the screening program and subsequent procedures. The cut-off at 300 procedures per colonoscopist was determined by exploratory analysis, which showed no significant relationship when groups of 100 or 200 procedures were used. Finally, procedures were assigned to a group depending on whether intravenous sedative/analgesic medication was used or the procedure was performed unsedated. The use of sedative medication or intravenous antispasmodic medication was at the discretion of the colonoscopist and patient. Patient age was recorded on the date of colonoscopy. Age was analyzed as a categorical variable (< 62.5, 62.5 -64.9, 65.0 -67.49, ≥ 67.5 years) to aid interpretation of results. Smoking status was categorized as current smoker, ex-smoker or never smoked. Alcohol use was dichotomized as either current use or not. Body mass index (BMI, kg/m 2 ) was calculated from self-reported height and weight measurements and grouped into two categories ( < 25.0 and ≥ 25.0 kg/m 2 ). Deprivation scores (a measure of the socioeconomic status of the individual) were assigned using an individual's postal code at the time of entry to the screening program. Postal codes were linked to the Index of Multiple Deprivation scores (IMD) at the Lower Super Output Area level. In subsequent analysis the IMD scores of the study population were ranked in quintiles from highest to lowest deprivation scores, where group 1 was the most deprived and group 5 the least deprived [31] . The BCSP is coordinated by five hubs, which are responsible for inviting individuals for the FOBT. The hub in which the individual lived at the time of invitation to the screening program was included in the study as a geographical variable.
The number, location, size, and histological grade of each adenoma detected during colonoscopy were recorded. This allowed colonoscopies to be classified according to the following outcomes: one or more adenomas detected, one or more advanced adenomas detected (defined as adenomas ≥ 1 cm in size or displaying high grade dysplasia or polyp cancer), one or more right-sided adenomas (lesions at or proximal to the splenic flexure), and one or more rectal adenomas detected. Only lesions that were histologically confirmed as adenomas were counted; these included, tubular, tubulovillous, villous, and serrated adenomas. In addition, the total number of adenomas detected at each procedure was recorded. Approval of this study as service evaluation was obtained from a Regional Ethics Committee.
Statistical analysis
Normally distributed continuous variables are presented as mean (± SD). Categorical variables are presented as total proportions and percentages (n, %). Univariable analysis was performed using the chi-squared test for comparison of categorical variables and the unpaired t test for continuous variables. This exploratory testing identified variables that were associated with the presence of one or more adenomas. The procedure was repeated to identify variables associated with the presence of one or more advanced adenomas, right-sided adenomas, and rectal adenomas. In order to allow for confounding between variables, multivariable analysis using binary logistic regression to calculate odds ratios (OR) with 95 % confidence intervals (CI) was performed. Four separate models (with ≥ 1 adenoma, ≥ 1 advanced adenoma, ≥ 1 right-sided adenoma, and ≥ 1 rectal adenoma as the dependent variables) were analyzed using the forward stepwise logistic regression approach.
The following patient variables were tested: sex, age, smoking status, alcohol use, BMI category, deprivation quintile, hub area.
The following colonoscopy variables were tested: cecal intubation, rectal retroversion, colonoscopist mean nc-CWT group, bowel preparation quality, hyoscine use, procedure start time group, colonoscopist experience group, and intravenous sedation group. Variables were included in the multivariable models if they reached a significance level of P ≤ 0.1 in univariable testing. Original article 205 THIEME A similar approach using an ordinal regression model was used to examine the relationship between patient and colonoscopy factors and the total number of adenomas detected. The Pearson chi-squared test was used to assess goodness of fit of models (a P value > 0.05 suggested the model fits adequately). All reported P values are two sided, and a P value of less than 0.05 was considered significant. Analyses were undertaken using SPSS version 17.0 (SPSS Inc., Chicago, Illinois, USA). • " Table 2 shows colonoscopy factors and univariable associations with each outcome variable. Cecal intubation (unadjusted) was achieved in 95.6 % of procedures and was significantly associated with increased detection of one or more adenomas, advanced adenomas, and right-sided adenomas (all P < 0.001). Rather than exclude incomplete procedures from multivariable analysis, this variable was included in the logistic regression to adjust for cecal intubation. Rectal retroversion was not associated with detection of adenomas or right-sided adenomas (P = 0.645 and 0.581, respectively), and was performed in fewer patients with one or more advanced adenomas (28.5 % vs. 32.1 %; P < 0.001). Further analysis was performed to examine the effect of rectal retroversion on rectal adenoma detection. In 27 973 procedures where rectal retroversion was performed, one or more rectal adenomas were detected in 2523 procedures (9.0 %). In comparison, one or more rectal adenomas were detected in 273 of 3115 procedures in which rectal retroversion was not performed (8.8 %; P = 0.666).
Results
!
Patient and procedure characteristics
The relationship between rectal retroversion and rectal adenoma detection did not change when age and sex were accounted for. Colonoscopy variables in the multivariable model are shown in Original article 206 THIEME ing in the second half of a session (11:00 -14:00 or 16:00 -18:00) were associated with a reduction in detection of adenomas and advanced adenomas (OR 0.94, 95 %CI 0.90 -0.99 [P = 0.018] and 0.93, 95 %CI 0.88 -0.98 [P < 0.001]) compared with procedures starting between 08:00 and 11:00 or 14:00 and 16:00.
• " Fig.1 demonstrates this relationship along with withdrawal time, bowel preparation quality, and cecal intubation, which do not vary throughout the day. In univariable analysis, procedures in which no intravenous sedation was used were associated with lower adenoma, advanced Original article 207 THIEME adenoma, and right-sided adenoma detection; however, once other variables were adjusted for in the multivariable models, no significant difference in outcome was seen between the two groups. The Pearson chi-squared goodness of fit test for each of the final models revealed P values of 0.077, 0.264, and 0.478 for each of the models, respectively. The ordinal regression model demonstrating the relationship between the total number of adenomas detected at each colonoscopy and patient and colonoscopy factors is shown in• " Table 4 . The odds ratio refers to the odds of the group having more or less adenomas in total than the reference group.
Discussion
! This large, national observational study of colonoscopy in a welldefined population found that intravenous antispasmodic drug use, cecal intubation, higher quality bowel preparation, mean withdrawal time of the colonoscopist greater than 10 minutes, earlier start time of the procedure, and prior colonoscopist experience were associated with significantly increased adenoma detection. These factors had similar associations with advanced adenoma detection, right-sided adenoma detection, and total number of adenomas detected. Rectal retroversion was not associated with an increase in rectal adenoma detection. Cecal intubation was strongly associated with increased adenoma detection. Several potential explanations exist: lesions proximal to the point of insertion will have been missed; the cause of the incomplete examination (e. g. poor preparation or diverticulosis) may reduce mucosal visualization; in the context of a malignant stricture the colonoscopist may have reduced motivation to identify or report adenomas; finally, if the examination was incomplete due to poor bowel preparation, the colonoscopist may not look for adenomas as they know a repeat procedure will be required. An alternative approach to this method of analysis would be to exclude incomplete procedures; doing so resulted in minimal change to the outcome of the models but reduced the size of the study population. Adenomas were less likely to be detected in individuals with inadequate bowel preparation. This corroborates a recent study demonstrating increased missed rates where the bowel preparation was poor [32] . Improving bowel preparation quality is a widely accepted method of improving adenoma detection [14 -16] .
Rectal retroversion was not shown to increase detection of either adenomas or rectal adenomas. It was associated with a reduction in detection of advanced adenomas throughout the colon. A potential explanation is that rectal retroversion may be less likely to be performed if significant pathology has been detected earlier in the procedure. Although a previous study of 480 screening flexible sigmoidoscopies showed a benefit from rectal retroversion [21] , a more recent study showed that rectal retroversion did not detect clinically important neoplasia after careful forwardviewing examination and emphasized the potential harm of the maneuver [22] . The current study supports the conclusion of this latter study that following thorough antegrade inspection of the distal rectum, retroversion should be at the discretion of the colonoscopist.
The current retrospective study appears to support the routine use of intravenous antispasmodic (hyoscine N-butylbromide): its use was associated with a 30 % higher adenoma detection. Its use was also associated with higher detection rates of advanced adenomas, right-sided lesions, and total number of adenomas. It is not clear whether the administration of the antispasmodic is directly responsible for the increase in adenoma detection or whether antispasmodic use is more usual practice of higher performing colonoscopists. Existing literature is conflicting on the role of antispasmodic use during colonoscopy in terms of procedure time and patient comfort [17 -20, 33] . A randomized controlled trial within a population such as the NHS BCSP would be desirable. The study identified higher adenoma detection with earlier procedure start time during both morning and afternoon lists. BCSP lists are half-day sessions, limited to four colonoscopies, so time pressure should be minimal. Neither quality of bowel preparation nor withdrawal time accounted for this effect. One possible explanation is that colonoscopist fatigue may be contributing to reduced adenoma detection as the list progresses. It is also possible that colonoscopists choose to ignore the presence of an adenoma to avoid delaying the finish of the list, although we feel that this is unlikely as BCSP colonoscopists are aware that their ADR is under continuous review. Two American studies have demonstrated that polyp detection decreases in afternoon compared with morning colonoscopy and with each subsequent hour of the day [23, 24] . However, the effect of bowel preparation quality was not accounted for in either of these studies. A recent single-center American study of 20 colonoscopists observed a similar phenomenon of declining polyp detection toward the end of an endoscopist's shift [24] . Further investigation into the potential role of operator fatigue during colonoscopy is required. 
Original article 208
Previous reports on the effect of colonoscopist experience on adenoma detection are conflicting. A number of studies show no relationship or a negative association between increasing experience and adenoma detection [10 -13] . A study of adenoma detection in a large trial of flexible sigmoidoscopy screening demonstrated that the ADR of some endoscopists increased with experience [34] . The current data suggest that individuals colonoscoped by a colonoscopist who had performed ≥ 300 colonoscopies in the screening program were 1.2 times more likely to have one or more adenomas than if the colonoscopist had performed < 300 procedures. These data are of note in light of recent European guidelines that recommend screening colonoscopists perform a minimum of 300 procedures per year [35] . Unsedated colonoscopy comprised 13.1 % of colonoscopies in the study. Two recent American studies have suggested that deeper sedation is associated with increased detection of colonic pathology [25, 26] . Although depth of sedation was not included as a patient variable in the current study, the data demonstrated that high levels of lesion detection were achievable in unsedated patients and that adenoma detection was not reduced in patients undergoing unsedated colonoscopy. Two recent studies have analyzed patient and colonoscopy factors affecting ADR using multivariable analysis [36, 37] . Jover et al. analyzed 4539 colonoscopies in a Spanish trial of screening colonoscopy compared with fecal immunochemical testing [36] . Their statistical approach and findings were similar to those described in our paper; however, potential confounding patient factors were limited to age, sex, and hospital. Adler et al. analyzed 12 134 screening colonoscopies in the Berlin Colonoscopy Project [37] . Their statistical approach differed to ours in that their outcome variable was ADR as a continuous variable. Their findings of a positive association of age, sex, and bowel preparation quality are consistent with our findings; however, they did not find an association with withdrawal time, probably explained by the narrower range of mean withdrawal times (6 -11 minutes). Recent studies have drawn attention to the importance of detection of serrated polyps [38] . The current study did not include serrated polyps alone as an outcome measure, although serrated adenomas were included in the adenoma count when detected. Recognition and categorization of serrated polyps has evolved since the dataset was completed in 2009. A recent Dutch study of 1354 patients and five colonoscopists found that increasing withdrawal time was associated with increase in proximal serrated polyp detection [39] . No other colonoscopic factors and no patient factors were demonstrated to be associated with proximal serrated polyp detection, although the relatively small study Original article 209 THIEME may have been underpowered to demonstrate other relationships.
The current study has a number of limitations. First, data were not available on some notable patient risk factors including family history of CRC and aspirin use. Secondly, this study is retrospective in design and lacks the advantages of a prospective randomized controlled trial. However, the size and breadth of the dataset offset some of these limitations. Thirdly, the indication for all colonoscopies in the study was a positive FOBT. This potentially affects the external validity of the findings outside the context of an FOBT-positive population where the yield of adenomas is considerably higher than in those undergoing primary screening colonoscopy or in the general average-risk population. A number of the colonoscopy factors included in the current study have also been demonstrated to be associated with adenoma detection in nonscreening populations [40] . It is likely that many of the findings of the current study would also apply to adenoma detection in the general population undergoing colonoscopy. The clinical objective of colonoscopy outside of a screening program, however, may not be cancer or adenoma detection. In summary, this large study has demonstrated the importance of technical colonoscopy factors in determining adenoma detection during colonoscopy. The study identified colonoscopist-modifiable factors (cecal intubation, mean withdrawal time, bowel preparation quality, use of intravenous antispasmodic, and start time of the colonoscopy) that can help to optimize adenoma detection and improve the quality of colonoscopy. These factors affect not only the risk of detecting one or more adenomas but also advanced adenomas, right-sided adenomas, and total number of adenomas.
